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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
foot 0.3048 meter
foot per day 0.3048 meter per day
foot per year 0.3048 meter per year
foot per mile 0.1894 meter per kilometer
inch 25.4 millimeter
inch per year 25.4 millimeter per year
mile 1.609 kilometer
million gallons per day 0.04381 cubic meter per second
cubic foot per second 0.02832 cubic meter per second
million cubic feet per day 0.3278 cubic meter per second
quare mile 2.590 square kilometer
foot squared per day 0.0929 centimeter squared per day

Temperature in degrees Fahrenheit (OF) can be converted to degrees Celsius (°C) as follows: °C =
(°F-32)/1.8.

Sea level: In this report "sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD
of 1929)--a geodetic datum derived from a general adjustment of the first-order level nets of both the United
States and Canada, formerly called Sea Level Datum of 1929.

The standard unit for transmissivity is cubic foot per day per square foot times foot of aquifer thickness. In
this report, the mathematically reduced form, foot squared per day, is used for convenience.



GENERALIZED DESCRIPTION AND ANALYSIS OF GROUND-
WATER FLOW IN THE COCKFIELD AND SPARTA AQUIFERS

IN HINDS, MADISON, AND RANKIN COUNTIES, MISSISSIPPI
By
d. Kerry Arthur
ABSTRACT

The Cockfield and Sparta aquifers supply more than 95 percent of the ground water pumped in
Hinds, Madison, and Rankin Counties, Mississippi. In 1990, about 27 million gallons per day was
pumped from the two aquifers in the three-county study area, most from the Sparta aquifer. From
1960 to 1990, pumping in the Jackson area caused water levels in observation wells to decline as much
as 60 feet in the Cockfield aquifer and 80 feet in the Sparta aquifer.

The Cockfield Formation crops out in northeastern Madison County and in a small area above the
Jackson Dome adjacent to the Pearl River. The Cockfield Formation has a regional dip of 20 feet per
mile to the southwest. The Sparta Sand crops out entirely outside the three-county study area. The
Sparta Sand has a regional dip of 24 feet per mile. Throughout most of the study area, the total sand
thickness ranges from 200 to 400 feet for the Sparta Sand and from 100 to 300 feet for the Cockfield
Formation. The average horizontal hydraulic conductivity of the Sparta aquifer in the study area is
60 feet per day. The average horizontal hydraulic conductivity of the Cockfield aquifer in the study
area is 39 feet per day.

Simulated predevelopment potentiometric surface in the Jackson area ranged from 200 to 240 feet
above sea level in the Cockfield aquifer and from 200 to 220 feet above sea level in the Sparta aquifer.
Simulated predevelopment net areal recharge in outcrop areas averaged about 0.12 inch per year to
the Cockfield aquifer and about 0.27 inch per year to the Sparta aquifer in the model area. Over the
crest of the Jackson Dome, predevelopment recharge from land surface to the Cockfield was about
0.25 inch per year. Flow analysis indicates that, from predevelopment to 1990, water levels in the
Jackson area declined as much as 120 feet in the Cockfield aquifer and as much as 140 feet in the
Sparta aquifer. Average net areal recharge during 1990 was about 0.22 inch per year in outcrop areas
to the Cockfield aquifer and about 0.57 inch per year to the Sparta aquifer. During 1990, recharge over
the Jackson Dome to the Cockfield aquifer was as much as 3 inches per year.

With a uniform 25-percent pumpage increase from the Cockfield and Sparta aquifers from 1990
through 2000, analysis indicates water levels in the Jackson area would decline about 30 feet and
20 feet, respectively. With a uniform 50-percent pumpage increase, analysis indicates water levels in
the Cockfield and Sparta would decline as much as 60 feet and 50 feet, respectively.

INTRODUCTION

The Cockfield and Sparta aquifers are principal sources of water supply in Hinds, Madison, and
Rankin Counties, supplying more than 95 percent of the ground water pumped in the area. During
1990, about 27 million gallons per day of fresh ground water was pumped from the two aquifers in the
three-county area. During the period 1960-90, pumping in the Jackson area has resulted in water-level
declines of as much as 60 feet in the Cockfield aquifer and 80 feet in the Sparta aquifer. Because of
concerns of State and local officials about the future adequacy of the ground-water supply in the three



counties, the U.S. Geological Survey and the Mississippi Department of Environmental Quality, Office
of Land and Water Resources, began a cooperative study in 1987 of the Cockfield and Sparta aquifers
in the three-county area in west-central Mississippi (fig. 1).

Hydrogeologic information on the Cockfield and Sparta aquifers is needed by State and local
officials to assist them in managing the ground-water resources of the three-county area. A major
component of the USGS study is the development and documentation of a digital ground-water flow
model of the two aquifers. The model can serve as a tool for managers to acquire a better
understanding of the flow dynamics and regional water-yielding capability of the two aquifers in the
three-county area.

Purpose and Scope

This report presents a description of the study area, a generalized description of the Cockfield and
Sparta aquifers, a detailed description of the ground-water flow model, and an analysis of the results
of simulation of ground-water flow in the Cockfield and Sparta aquifers in the study area. The terms
"study area" and "three-county area" are used interchangeably in this report. The term "model area"
refers to a much larger area that is inclusive of the Hinds, Madison, and Rankin Counties study area.

Previous I igati

Numerous earlier reports present information concerning the hydrogeology and ground-water
resources of all or parts of the three-county area. The names Cockfield aquifer and Sparta aquifer were
given to the water-bearing sand beds of the Cockfield Formation and Sparta Sand by Boswell and
others (1970, p. 8) to emphasize their water-bearing character. Spiers (1977a) and Newcome (1976)
described the Cockfield and Sparta aquifers, respectively, in Mississippi. Spiers and Dalsin (1979),
and Harvey and others (1964) described the water resources in the three-county area. Monroe (1954),
described the geology in the Jackson area. Geologic reports of the three counties (Priddy, 1960; Moore
and others, 1965; and Baughman and others, 1971) discussed geologic framework and ground-water
resources. The findings of regional water-resources investigations involving these counties are in
reports by Cushing and others (1964); and by Hosman and others (1968). Payne described the regional
hydrology of the Sparta Sand (1968), Cane River Formation (1972), and Cockfield Formations (1970).
Oakley (1984) reported on the ground-water resources in the Ross Barnett Reservoir area. The three-
county area was included in two ground-water flow modeling reports (Reed, 1972; Arthur and Taylor,
1990). Harvey and Grantham (1963), Wasson (1981a; 1981b), and Darden (1986; 1987) presented
potentiometric- maps of the Cockfield and Sparta aquifers in Mississippi. Wasson (1980a) described
sources of ground-water supplies in Mississippi.

Description of the Study A

The Hinds, Madison, and Rankin Counties study area is located in west-central Mississippi and
occupies 2,428 square miles. Jackson, the major population center, is located in about the geographic
center of the three-county area. The population of the study area increased from about 288,000 in 1970
to about 400,000 in 1990. In addition to the Jackson area, Bolton, Clinton, Edwards, Raymond, and
Utica in Hinds County; Canton, and Flora in Madison County; and Brandon in Rankin County are
major population centers in the study area (Spiers and Dalsin, 1979) (fig. 1).

The climate in the area is humid-subtropical. Mean annual precipitation is about 54 inches.
December is the wettest month, averaging about 5Y/2 inches, and October the driest month, averaging
about 2Y/4 inches. The mean annual temperature is 65 °F. January, the coldest month, averages about
48 °F, and July, the hottest month, averages about 82 °F (Spiers and Dalsin, 1979).





























































































































































































































































































SUMMARY

The Cockfield and Sparta aquifers, the principal sources of ground water in Hinds, Madison, and
Rankin Counties in west-central Mississippi, supply more than 95 percent of the ground water pumped
in the three-county study area. During 1990, about 27 million gallons per day of freshwater was
pumped from the Cockfield and Sparta aquifers in the three-county area.

The Cockfield Formation crops out in the study area in northeastern Madison County and in a
small area in Hinds and Rankin Counties over the crest of the Jackson Dome along the Pearl River.
The geologic units are displaced about 600 to 700 feet upward over the crest of the dome. The Cockfield
Formation dips about 20 feet per mile to the southwest across the study area. Total thickness of sand
in the Cockfield aquifer generally ranges from 100 feet in and near outcrop areas to 500 feet in
southwestern Hinds County. The average horizontal hydraulic conductivity of the Cockfield aquifer in
the study area is 39 feet per day. Pumpage from the aquifer in the three-county area increased from
about 2.0 million gallons per day during 1965 to about 8.4 million gallons per day during 1990. Water
levels declined an average of as much as 2 feet per year from 1960 to 1990 in selected observation wells
in heavily pumped parts of the area. Throughout the three-county area, generally the Cockfield
contains freshwater that meets drinking-water standards; however, in parts of the study area, color
and dissolved iron values do not meet the drinking-water standards.

The Sparta Sand crops out outside the study area and is in the subsurface throughout the three-
county area. The Sparta Sand dips regionally about 24 feet per mile to the southwest across the study
area. Total sand thickness of the Sparta aquifer ranges from 200 to 400 feet throughout most of the
study area. The average horizontal hydraulic conductivity of the Sparta aquifer in the study area is
60 feet per day. Pumpage from the Sparta in the study area increased from about 7.1 million gallons
per day during 1965 to 18.5 million gallons per day during 1990, resulting in water-level declines
averaging as much as 2/2 feet per year from 1960 to 1990 in selected observation wells in the Jackson
area. The Sparta aquifer contains freshwater that generally meets drinking-water standards
throughout the three-county area; locally, however, excessive color and dissolved iron may cause water
to be unsuitable for domestic and some industrial uses.

A two-layer three-dimensional finite-difference digital ground-water flow model was used to
simulate the flow system in the Cockfield and Sparta aquifers in the three-county area. The model was
calibrated under transient conditions with pumpage varying with time, using nine stress periods from
1920 through 1990. After calibration, the model was modified to simulate steady-state
predevelopment conditions. Finally, a stress period was added to the transient model representing
1990 through 2000. Two hypothetical pumping scenarios were tested in the added stress period. The
first scenario assumed a uniform 25-percent pumpage increase from 1990 rates in both aquifers; in the
second scenario, a uniform 50-percent pumpage increase was assumed.

The simulated predevelopment potentiometric surface of the Cockfield aquifer decreases to the
south-southwest in the eastern part of the model area and to the west-northwest in the central and
western part of the area. In the smaller three-county area, the simulated predevelopment surface of
the Cockfield decreases to the west in the confined part of the aquifer. In the Jackson area, the
simulated Cockfield potentiometric surface generally ranges from 200 to 240 feet above sea level. In a
25-square-mile area over the Jackson Dome, simulated predevelopment water levels in the Cockfield
aquifer were at or below the top of the Cockfield Formation but above the top of the sand beds of the
Cockfield aquifer.
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The simulated predevelopment potentiometric surface of the Sparta aquifer decreases to the south-
southwest in the eastern part of the model area and decreases to the west in the central and western
part of the area. In the three-county area, the simulated predevelopment potentiometric surface of the
aquifer slopes from east to west. In the Jackson area, the simulated predevelopment potentiometric
surface of the Sparta ranges from 200 to 220 feet above sea level.

Simulated predevelopment areal net recharge to the Cockfield aquifer in the outcrop area was
about 0.12 inch per year in the model area. In the three-county area, simulated predevelopment
recharge to the Cockfield in the outcrop area in northeastern Madison County ranges from 0.25 to 2
inches per year, and in the formation outcrop area over the crest of the Jackson Dome along the Pearl
River, recharge was about 0.25 inch per year. Simulated predevelopment areal recharge in the model
area to the Sparta in the outcrop was about 0.27 inch per year.

Simulated predevelopment horizontal flow at the lateral boundaries in Cockfield aquifer was
largest at the west boundary, where about 3.43 cubic feet per second flowed eastward into the model
area. In the Sparta aquifer the largest lateral flow also was at the west boundary, where about
16.20 cubic feet per second flowed westward out of the model area.

Simulation of predevelopment conditions indicates that about 18.64 cubic feet per second moved
upward into the Mississippi River alluvial aquifer from the Cockfield aquifer in the model area. The
Sparta aquifer subcrops the alluvial aquifer outside the model area, but within the model area,
simulation of predevelopment conditions indicates that 0.16 cubic foot per second moved upward from
the aquifer through the Cook Mountain Formation into the alluvial aquifer. Predevelopment vertical
flow between the Cockfield and Sparta in the model area was downward from the Cockfield into the
Sparta at a rate of about 2.52 cubic feet per second. Predevelopment leakage between the Sparta and
underlying water-bearing units was negligible; about 0.32 cubic foot per second flowed upward into the
aquifer in the model area.

Simulations of transient conditions indicate that during 1990, water levels in the Cockfield aquifer
were as much as 120 feet below predevelopment levels in the Jackson area east of the Pearl River.
Over the Jackson Dome, water-level declines in the Cockfield are not as great because of recharge from
land surface. Simulated 1990 water levels in the Sparta in the Jackson area were about 140 feet below
simulated predevelopment levels.

Simulation results indicate that, as a result of pumping from the Cockfield aquifer in the model
area, the average areal recharge in the aquifer outcrop area during 1990 increased about 78 percent
over the predevelopment rate to about 0.22 inch per year. Simulated recharge to the aquifer over the
Jackson Dome was as much as 3 inches per year during 1990. During 1990, simulated recharge in the
model area to the Sparta in the aquifer outcrop was about 0.57 inch per year, more than double the
predevelopment rate. Pumpage from the Cockfield aquifer decreased discharge from the aquifer to the
Mississippi River alluvial aquifer. During 1990, about 6.91 cubic feet per second flowed to the alluvial
aquifer from the Cockfield aquifer in the model area, about 16 percent less than the predevelopment
rate. Leakage downward from the Cockfield into the Sparta during 1990 was about 4.88 cubic feet per
second, about double the predevelopment rate. In the Jackson area, downward leakage into the Sparta
from the Cockfield during 1990 was as much as 0.025 inch per year over the Jackson Dome. During
1990, vertical flow into the Sparta from underlying water-bearing units was small, about 0.54 cubic
foot per second in the model area.

Increasing the pumpage by a uniform 25 percent from the 1990 rate in the Cockfield and Sparta
aquifers from 1990 to 2000 would cause water levels to decline about 30 feet in the Cockfield aquifer
in heavily pumped areas and about 20 feet in the Sparta aquifer. Over the crest of the Jackson Dome,
Cockfield water-level declines would not be as large because of recharge from land surface.
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The simulated 25-percent pumpage increase would result in an increase in recharge from 1990
simulated rates in outcrop areas of the Cockfield and Sparta aquifers. In the Cockfield Formation
outcrop area along the Pearl River at Jackson over the Jackson Dome, as much as 4 inches per year
recharge would be entering the aquifer from the land surface by 2000. Total net discharge from the
Cockfield aquifer to the Mississippi River alluvial aquifer would decrease slightly from 10.97 cubic feet
per second in 1990 to 10.31 cubic feet per second by 2000. Simulated net lateral flow into the Sparta
aquifer at the west boundary would increase substantially from 3.24 cubic feet per second in 1990 to
8.44 cubic feet per second by 2000. The simulated 25-percent pumpage increase from 1990 through
2000 would result in an increase of vertical flow from the Cockfield aquifer to the Sparta aquifer from
4.88 cubic feet per second to 5.16 cubic feet per second in the model area, whereas vertical flow into the
Sparta from underlying water-bearing units would increase from 0.54 to 0.62 cubic foot per second.

Increasing pumping by a uniform 50 percent from the 1990 rates in the Cockfield and Sparta
aquifers from 1990 to 2000 would cause water levels to decline about 60 feet in west-central Rankin
County in the Cockfield aquifer. Over the Jackson Dome, simulated water levels in the Cockfield
aquifer would decline about 30 feet from 1990 through 2000. Water levels would decline more than 50
feet below 1990 levels in the Sparta aquifer in the Jackson area by 2000. Areal net recharge in the
model area to the Cockfield and Sparta in outcrop areas would increase to 44.93 cubic feet per second
and 57.17 cubic feet per second, respectively, during 2000. Over the Jackson Dome along the Pearl
River, recharge to the Cockfield from land surface would be about 5 inches per year during 2000.
Simulated lateral flow in the Cockfield out of the model area at the west boundary would decrease to
4.06 cubic feet per second, and lateral flow into the model area at the west boundary in the Sparta
would increase to 13.26 cubic feet per second during 2000. Simulated vertical flow into the Sparta from
the Cockfield and from water-bearing units underlying the Sparta would increase to 5.46 cubic foot per
second and 0.66 cubic feet per second, respectively, during 2000.
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